Abstract. 2014 We develop a Flory theory for the problem of conductivity in a d-dimensional random resistor network. We find that the conductivity exponent t is related to the fractal dimensionality df according to the Alexander-Orbach conjecture t = d -2 + df/2, where consistently with Flory
Abstract. 2014 We develop a Flory theory for the problem of conductivity in a d-dimensional random resistor network. We find that the conductivity exponent t is related to the fractal dimensionality df The problem of conductivity in random resistor networks has been a subject of considerable interest [1] and has recently been investigated by a wide variety of techniques [2] [3] [4] [5] [6] . In this Letter we develop a Flory theory for the conductivity of a d-dimensional random resistor network.
The resistance L between two points separated by a distance of the order of the connectedness length R is given by L ~ Ry while the conductivity a scales as (J 1'-1 R t with In percolation, exponents t and z are usually written as F = tlv and i = ~/v, where t, ~ and v are the conductivity, the resistivity and the correlation length exponents [1] . In order to determine t we will calculate z using a Flory theory [7] [8] [9] [10] [11] . Consider the effective length L of a linear chain (*) Permanent address : GNSM Instituto Di Fisica Teorica Mostra D'Oltremare, PAD 19, 80125 Napoli, Italy.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyslet:019850046010900 between two points separated by a distance of the order of R. Its fractal dimensionality d f defined as L ~ R coincides with z. Therefore, by knowing d~(= z) we will be able to determine the conductivity exponent t from equation (1) . We now present a Flory theory for calculation of df.
The Flory theory [7] [8] [9] [10] [11] We now develop a Flory theory for calculation of the fractal dimension df of a path between two points separated by a distance of the order of R. In the mean-field approximation this path is described by an L-step Gaussian chain of radius R and therefore L ~ R 2. Using this relation and the mean-field approximation N ~ R 4, for the cluster size N, we find N ~ L 2. In the spirit of the Flory theory we determine the optimum radius of a path of length L by minimizing the free energy with respect to R. Using the relation L ~ R df we find Similarly, for percolation [9, 11] the free energy F is given by Minimizing (6) with respect to R leads to the following expression for the fractal dimensionality of percolating clusters
In analogy with the lattice animal problem the free energy for L can be written by substituting L 2 for N in (6) . Minimization of this free energy gives where ~, /~ and v are the usual percolation exponents. Using equations (5) and (8) (9a) and (9b) was independently obtained by Daoud [2] by extrapolating the conjectured result [14] table II where they are compared with the best known estimates.
The Alexander-Orbach conjecture [18] for the conductivity exponent has received considerable attention recently [2-6, 12, 13, 19] . The main consequence of this conjecture is that z = ~f/2; a result which coincides exactly with our Flory theory predictions (Eqs. (5) and (8)). On the other hand, using the Flory theory self-consistently i.e. by using the Flory expression for df, we obtain equations (9a) and (9b) for t which are not generally the same as the AO result except in d = dc. [12] .
(b) Havlin et al. [13] . (") Daoud [2] ; (~) Straley [14] ; (') Zabolitzky [3] ; (d) Lobb and Frank [4] ; (') Herrmann et al. [5] ; 0 Hong et al. [6] ; (g) Mitescu and Roussenq [1] ; (h) Fisch and Harris [16] ; (') Derrida et al. [17] . [18] . Most recent estimates [3] [4] [5] [6] give t about 2 % higher than the value predicted by AO [20] , such as the minimum path, self-avoiding walks and the backbone, using the Flory theory one would obtain the same result as for the resistivity. This is due to the mean-field nature of the Flory theory in which the relation between the cluster mass N and the length of the path L is always the same. Therefore Flory theory does not distinguish much about the detailed structure of the fractal. Recently, Havlin [21] has used a different Flory type approximation to study the shortest path. He has proposed a different form for the entropy term.
In conclusion, we have developed a Flory theory for the conductivity in random media. The results have a degree of accuracy comparable to those found in Flory theories for related problems. Perhaps the most illuminating aspect of this study is that the Flory theory prediction z = d f/2 is the same as the Alexander-Orbach conjecture and for the first time we have been able to establish a relation between this intriguing conjecture and an extensively used theory.
